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TECHNICAL NOTE 26*1-3 


SPAN LOAD DISTRIBUTIONS RESULTING IROM ANGLE OF ATTACK, 
ROLLING, AND PITCHING FOR TAPERED SWEPTBACK WINGS 
WITH STREAMWISE TIPS 

SUPERSONIC LEADING AND TRAILING EDGES 
• By John C. Martin and Isabella Jeffreys 

SUMMARY 


On the basis of the linearized super sonic-flow theory the span load 
distributions resulting from constant angle of attack, from steady rolling, 
and from steady pitching were calculated for a series of thin sweptback 
tapered wings with streamwise tips and- with supersonic leading and trailing 
edges. The results are valid for the Mach number range for which the 
Mach line from either wing tip does not intersect the remote half -wing. 

The results of the analysis are presented as a series of design 
charts. Some illustrative variations of the spanwise distribution of 
circulation with the various design parameters are also presented. 


INTRODUCTION 


A knowledge of aerodynamic spanwise loading is of great value in 
performing aerodynamic calculations. In references 1 to 4 the linearized 
upwash behind a lifting wing is shown to be largely deter min ed by the 
spanwise loading except for the region close to the trailing edge. It 
may also be demonstrated that, except in the vicinity of the trailing 
edge, the Bidewash velocity component is also largely determined by the 
spanwise loading. The aim of the present paper is to determine spanwise 
loadings for a series of thin sweptback tapered wings with streamwise 
tips and with supersonic leading and trailing edges. These spanwise 
loadings can be utilized in connection with the estimation of flow fields 
although the results of the analysis ma.y also be applied to problems in 
aerodynamic loads and aeroelasticity. 

The spanwise distribution of circulation resulting from a constant 
angle of attack was evaluated chiefly because of the significance of the 
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downwash induced by the wing on the horizontal tail surfaces. Similarly^ 
the spanwlse distribution of circulation resulting from a constant rate 
of roll was evaluated principally because of the significance of the 
velocities induced by the wing on the tail-surface contribution to 
stability and damping. The spanwise distribution of circulation resulting 
from a constant rate of pitch was evaluated because of the possible 
importance of the downwash induced by the pitching wing on the horizontal 
tail surfaces and because the downwash resulting from a pitching wing is 
one component of the downwash induced by a wing with a constant vertical 
acceleration. (See reference 5* ) 

This paper presents calculated curves for the spanwise distribution 
of circulation (the spanwise distribution of circulation is proportional 
to the spanwise loa ding ) resulting from a constant angle of attack, a 
constant rate of roll, and a constant rate of pitch. The wings considered 
have an arbitraty taper ratio, leading and trailing edgeB that are 
straight across the semispan and swept at a constant angle, and tips 
that are parallel to the free-stream direction. The results are valid 
for the range of Mach number for which the leading and trailing edges 
are supersonic. 

The results of the analysis are given in the form of generalized 
equations for the spanwise distribution of circulation resulting from 
a constant angle of attack, a constant rate of roll, and a constant rate 
of -pitch. A series of design curves is presented from which rapid 
estimation of the spanwise distributions of circulation can be made 
for given values of aspect ratio, taper ratio, Mach number, and leading- 
edge sweep. Some illustrative variations of the spanwise distributions 
of circulation are also presented. 


SYMBOLS 


A • aspect ratio 


B = \|m 2 - 1 

h spanwise coordinate of intersection of trailing edge of wing 

and Mach line from wing tip 


Ci section lift coefficient 


ACp 


pres sure -difference coefficient 


c 

c 


chord (subscript r refers to root chord) 
mean aerodynamic chord 
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d 

e 

g(*i) 

H 

b 

cot j 

k = 

cot 

cc z 

M 

m 

P 

P 

4 

Si 

V 

x, y, z 

x 1j yi 
a 


spanwise coordinate of intersection, of trailing edge 
of wing and Mach line reflected from wing tip 

spanwise coordinate of intersection of trailing edge 
of wing and Mach line from leading edge of wing 

expression for that part of boundary of area S]_ 
not made up of Mach lines from point (x,y)(see 

fig. 3) 

g 2 (x,y) li mi ts of integration (see fig. 3) 

distance in chord lengths from wing apex to center -of - 
gravity location for wing with a static margin 
of 0.05c 

wing span 

TE _ AB(1 + 1) 

A AB(1 + X) - itoiB(l - X) 
spanwise loading 

Mach number 
cot A 

defined by equation (6) 
rate of roll 
rate of pitch 
area of integration 
free-stream velocity 

rectangular coordinates (x-axis parallel to free- 
stream direction) 

auxiliary rectangular coordinates 
angle of attack 

spanwise distribution of circulation (defined by 
equation (2)) 


r 
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velocity potential on wing upper surface 
sweep of wing leading edge (see fig. l) 
sweep of wing trailing edge (see fig. l) 
taper ratio 

indicates a closed line integral 


Sub script: 


TE refers to wing trailing edge 


AMLYSIS 

Scope 


The analysis is limited to calculations of the spanwise distributions 
of circulation for wings of vanishingly small thickness that have zero 
camber. The results are valid for a range of supersonic speeds for 
which the leading and trailing edges are supersonic (the components of 
free-stream velocity normal to the edges are supersonic). The wing 
configurations considered are defined hy the information and sketches 
given in figure 1. These wings have an arbitrary taper ratio, stream- 
wise tips, and sweptback lea di ng edges, although the trailing edges may 
be either sweptback or sweptforward. A further restriction is that the 
Mach line from either tip may not intersect the remote half-wing. 


Method 

Basic considerations .- The evaluation of the spanwise loadings 

generally requires .the knowledge of the pressure distribution on the 
wing surface or the knowledge of the perturbation velocity potential 
along the wing trailing edge. TheBe two quantities are related by the 
following expression: 


cc z 



to = v #EE 


( 1 ) 
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The spamri.se distribution of circulation is related to the spanwise 
loading- and the trailing-edge potential by the following equation: 



( 2 ) 


In the remaining sections the spanwise distribution of circulation will 
he used in preference to the spanwise loading since flow-field calculations 
are generally set up in terms of the spanwise distribution of circulation. 

Determination of the trailing-edge potential .- The potential 

function 0 must satisfy the linearized partial-differential equation 
of steady flow and the boundary conditions that are associated with the 
wing in its prescribed motion. The boundary conditions on a wing performing 
the motions considered here are: 

For a constant angle of attack, 

0z = -aV 

For a constant rate of roll, 

0 Z = -py 

For a constant rate of pitch, 

0 Z = -qx (z = 0) (3c) 


(z = 0) 

(3a) 

(z = 0) 

(3b) 


Note that, within the framework of the linearized theory, the boundary 
condition for a wing with a constant rate of roll is also the bound ar y 
condition for a wing \diich has a linear lateral twist and that the 
boundary condition on a wing with a constant rate of pitch is also the 
boundary condition on a wing which has linear camber. 

The potential along the wing trailing edge can be determined by 
Sward's method (reference 6). From this reference the potential at 
any point on the upper surface of the wing may be expressed as 


0(x,y) 


= _ I 

it 


02 


to! dy x (4) 


Sl \l (x - x x ) 2 - B 2 (y - yp) 2 
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The area of integration Sq is the area of the wing plan form within 

the "effective" forward Mach cone from the point (x,y)'. Figure 2 shows 
such a region of integration. For the motions of the wing considered 
herein, the potential on the upper surface of the wing may he obtained 
by substituting equations (3) into equation (4) and perfor min g the 
indicated integrations. 

The evaluation of the integrals involved in finding the potential 
can, however, be simplified by making use of the well-known relation 
(reference 7, p. l8l) 

5x1 = -^ p ( x l^i) ^l ’ (5) 


From a conqparison of equations (4) and (5) the function P(xq,yq) is 
seen to be given by 


p ( x i,yi) = - - f ■ — -- <^1 ( 6 ) 

v/(x- xj ) 2 - B 2 (y - yq ) 2 

Hence, from equations (3), (4), (5), and (6) the potential on the upper 
surface of a wing is as follows: 

For a constant angle of attack, 

0(x,y) = SSL £ sin" 1 dxq (7) 

ji® x - x ± 

For a constant rate of roll, 

- J(x - xq) 2 - B 2 (y - yq) 2 + y sin 1 — — dxq 

B ” x - x-. 



(8) 
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For a constant rate of pitch, 

«*,*> -±6 * si-' 1 dx x 

nB '-'Si x x - xi 


The line integrals in equations (7) to (9) along the Mach lines from 
the point (x,y) can he easily evaluated. The following expressions 
for the potentials are obtained: 

For a constant angle of attack, 


0(x,y) = — 
2B L 


2x - g x (x,y) - g 2 (x,y) + — f 

J ItB n- 


''62 ( x ) _i B [y - g(x X 3 

+ — / sin x — — 

^ ^Sl(x) 


dxn 


X - Xi 


For a constant rate of roll, 

fex - gi(x,y) - g2(x,y) 


0(x,y) = py 


2B 


_P_ 

jS 


pg2( x ) I 



/ 

, J(x - xi) 2 - B 2 

y - g(x x ) 

^gp(x) 1 

L 



( 10 ) 


y sin 


-1 B fy - g(xif] 

X - Xi 


dx~i 


(11) 


For a constant rate of pitch, 


fu*) - & < I x 2 . . & g(x - y) ] 

2B 


JjL. 

riB 


^(x) 


Sl(x) 


xi sin' 


_i B [y - g(xij] 


X - 


X 1 


dxi (12) 
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■where g(xq) is the expression for that part of the boundary of the 
area Si that does not contain the Mach lines from the point (x,y), 
and -where gi(x) and g£(x) are the limits of integration -which are 
actually the end points of the g(xi) boundary. (See fig. 3. ) Note 

that equations (10), (ll), and (12) are applicable to any plan form to 
■which Eward's method can be applied. Since there are no singularities 
in the integrands of these equations they can be evaluated numerically 
without difficulty. 


RESTJUTS 


Expressions for the trailing-edge potentials were either taken 
from table I of reference 8 or found by the use of equations (10), (ll), 
and (12). The spanwise distribution of circulation waB expressed aB a 
function of y by • substituting the equation for the trailing edge into 
the expressions for the potential difference between the upper and lower 
surfaces of the wing. These expressions for the spanwise distributions 
of circulation are presented for constant angle of attack in table I, 
for constant rate of roll in table II, and for constant rate of pitch 
in table III. The formulas are valid for either sweptforward or swept - 
back trailing edges, the proper applications depending on the sign of k. 

The results of the calculations for the Bpahwise distribution of 
circulation for wings with a constant angle of attack are presented in 
figures ^ to 9. An index of these figures is given in table IV. Similar 
results for constant rate of roll are plotted in figures 10 to 15 and 
for constant rate of pitching about the wing apex in figures l6 to 21, 
with indexes of figures for the two typ es of motions listed in tables V 
and VI. These figures are equally applicable for sweptback or sweptforward 
trailing edges. 

The results of the calculations presented in figures l6 to 21 are 
for wings pitching about their apex. The spanwise distribution of 
circulation for a wing pitching about an arbitrary point located a 
distance x^ downstream of the w ing apex is given by 



(13) 


where the subscript q indicates the spanwise distribution of circulation 
associated with a pitching wing and the subscript a indicates the 
spanwise distribution of circulation associated with a wing at a constant 
angle of attack. 
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Note that, if the total circulation of a wing is divided among 
several lifting lines, the distribution of circulation associated with 
each lifting line can he determined by the superposition of the distri- 
butions of circulation associated with a number of wings. For this 
reason the calculations were extended to rather large values of the 
parameter AB. 

Figures 4 to 21 indicate that in many cases the spanwise distribution 
of circulation can be approximated very closely by simple curves. Thus 
it is to be expected that for these cases the flow field behind the 
wings could be calculated approximately by making use of these simple 
curves that appro xima te the actual spanwise distribution of circulation. 

Illustrative curves of the spanwise distribution of circulation for 
wings with a constant angle of attack, a constant rate of roll, and a 
constant rate of pitch are presented in figures 22, 23, and 24, 
respectively. In figure 24 the values presented were calculated by 
equation (13) for center of gravity located to provide a static margin 
of 0.05c. These figures show the effect on the spanwise distribution 
of circulation of varying each of the parameters - aspect ratio, taper 
ratio, Mach number, and leading-edge sweep - separately. Some specific 
variations of the spanwise distribution of circulation with the position 
of the axis of pitch are presented in figure 25. 


CONCLUDING REMARK 


On the basis of the steady linearized supersonic-flow theory the 
spanwise distribution of circulation re stilting from constant angle of 
attack, from steady rolling, and from steady pitching was determined 
for a series of thin sweptback tapered wings with streamwise tips and 
with supersonic leading and trailing edges. 

Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., October 24, 1951 
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IAHL2 I.- CTaCTJIAEK® EXPBES3I0H3 FOB COHSIAHT AECttZ OF Amd - Continmd 


Expression for circulation along tfcs span; Kach 
lino interaecting tip 


1 


2Vbb/2 «“E + AB(1 + X)(l + k 


— 2— - (1 + Bah) + 


2k(nB - 1) 





h k^B(l + X)(fca + 1) - W] 
W m AB(l + X)(Br=k + 1) 


b/2 AB(1 + X)(Bak - 1) 


h b/2 


Kxprasaion for circulation along the span; Kach lino froa ceutar intersecting 
trailing edge and intersecting Mach Up* froa tip 


AB(1 + X)(l - * XoBt 


—/I _ knBk + AB(1 + x)(l - kV^-'lcOB-lj— yz 

+ X)^B^2 - UL B/3J |Ba[ABU + X)(l - k)Jjg + ImBkj 


AB(l + X)(l + B^n^kVT- + $nBk 
fcaBk + AB(1 + X)(l + kV^coo'B-i 

L ^ BeJabU + x)(i + k)^U + task] 




HK1 + B=k) + -V- ==■ + k + 2»Bk + 1 + —2= k - ] 

k(Ba-l)'| (li/ 2 ) £ b/ 2 L AB (1 + X) J *b (1 + X) 


XoBk + AB(1 + X)(l - k)- 

D 

kABfl + X^B^C 2 - 1 


f F [»U * X)(l - B^A^g ♦ *EB0 

i B=|IbU + X)(l - k + faiBk] 


b^ 1 ' x) * Mil x) _ / 

i ♦ AB(1 + X)(l + k)^g f ~ABU + X)(l + + teBk j 

ABU + Xjlj^TT |b=[*bU + X)(X + k)^g + XoBkJJ 


b/2 b/2 


-4-U-k) 


-■ r„ u + ] 


+ r + asBk + 1 + 


^aS^ITa ,-** 1 
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TABLE I.- CIECUIATIOB EXPHESSIORS FOR CGHSTAET AHGEB OF ATTACK - Continued 




e frmBh 

. b/2 " AB(1 + X)(Bok - 1) 


h _ k[AB(l + X)(Bm + 1) - It 
■b/2 AB(l + X)(Bnk + 1) 


'Lb V2 


Expression for circulation along the span; Mach 
line from center intersecting trailing edge 


AB(1 + X)(l - + hs2k 




b^b^ 1 


gl ' sb / ? - — |fa.Bk + AB(1 + X) (1 - k)-2Ulcoa-l-j — 5iL§ 

aWB{l + X)^B2m2 - 1 laujfcBd + X)(l - k)^ + knBkJ 

(ab( 1 + X)(l + B2n2)s:)-i- + tak] \ 

tank + AB(1 + X)(l + k)-?- coa-1 1 — ‘ -X — V 

L "vU |Bm[AB(l + xXl + kW- + feaBkl [ / 


+ AB(1 + X)(l + k)-?- coa-1 J — < — 

|BmfAB(l + XXl + k)^ + teaBkJ 


2Vab/2 jtanEk + AB(1 + X)(l - k)^ 


kAB(l + 



^ 1 ' 

1 

h 2(AB(1 + X) - f] 

572 XB(1 + X) 

L h b /2 




Hangs of ^ 


h < y < 1 
1 


Expression for circulation along the span; Mach line coincident with 
leading edge; unswept trailing edge 
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TABIE I.- CXHCUIATIOH EXPRESSIONS FOR COHSIAET AUGIE QF AITACK - Continued 
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL 


h = 2h[AB(l + X) - 2] 
h/2 AB(1 + X)(k + 1) 


Range of — — 

V 2 


° = b/2 “h/p 


h/2 h/2 


Expression for circulation along the span; Mach 
line coincident with leading edge 


3nk'fk [b/2 


^ 1 - 3k) - 2k + : 


■ -Z- A 2 b 2(1 + X) 2 (l - h 2 )— ^ -p + 8kAB(l + X)-2r + 16k 2 4 

3«AB(1 + X) V2y (h/2) 2 V2 Jk 2 


77)] l/ 2 ^ " h/2) h/2 (l + k) + AB(1 + X)^ 


Range of 


o<_2_< 2A- 

h/2 h/2 




h 

k[AB(l + X)(Bm + 1) - lung] 

. 


h/2 

AB(1 + X) (Bmk + 1) 





-d 

h/2 

d 

h/2 

2Bmk{AB(l + X) - f| 
AB(l + X) (Bmk + 1) 


[tech line intersecting tip 


_M^2) lLzL(i . B W) + 2- + - + 

^(B 2 ^ 2 - 1) V 2 [(h/2) 2 AB(1 + X) h/2 a2b 2 (1 + X) 2 


l6B g m £ k £ 
A 2 B 2 (1 + X 


AB(1 + X)(l - B 2 ^)-^- + tak 

"b/2 


1 - /Lyjgfi - kXSB 2 ,^ - 1 - k) + 8BrX(B g mgk ^_ U 7 

SxVbV - lmh/2) 2 AB(l + x) b/2 

IfiBVk 2 l coa -x HliX)(l-B2A)X t ^ 

A^d + BdiJaB( 1 + X) (l - k)ZL + taEkj 

[<! + k)(-aftA + k - 1 )_ZL. - til JL 

L (V 2 ) 2 AB(1 + X) V 2 

P p 2 -I (ab(1 + x)(l + B 2 m^c) — — - + 4mBk|\ 

16 BW co8 -l *11 

A 2 B 2 (l + X) d J [an|AB(l + X)(l + k)^+ IfflBkJJ / 


isaggEa 
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TABLE H.- CXE5CDLATI03 ETPESSSICHS FOR CQ3STAHT HATE OF ROLL - Continued 


Expression for circulation along the open; 
Kach line intersecting tip 




a 2 b 2 (i + x: 


AB(1 + X)(2B=k + 1 - k)i - 2kAS(l + A)(Ba - 1) + 1 
h 

AB(1 + X)(l + k)J + task 
n 


£p(h/2)g /p^f-(l + k)(2B^A + l-k) + 8^i^LjLil21 + 

*2(bV - 1)3/ 2 l [Cb/2) 2 MU + >•) V2 

-1 AB(1 + X)(2B=k + 1 - k)I - ZkAB(l + X)(Ba - 1) + taj 

^(1 + X ) J AB(1 + X)(l + k)J + IffllBc 

n 

— -Z-(-3k + X _ toB - anWc + ZB Z A) + (-2k + kZpA - 2nBk) - 

3 [b/2 

-J? ■ (1 + MO + JUT - k + ZnSk + 

AB(l + X)Jr '] (b/ 2 ) 2 V211aB(1 + X) 


4aBk(fanB 
AB(1 + 


- 1 ) J -(1 + Bah) + -I-IT— k + ; 

(b/£) 2 V2(_AB(1 + X) 
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IABLE H.- CIECDIATICH EEPHESSIOHa FOR COHETAHT RATE OF bitt.t. _ Continued ' 



.NACA, 









MCA TN 2643 


21 


TABLE H.- CUtCDIATICSJ EXPRESSIONS FOE CC2ISTAHT BATE OF ROLL - Continued 


Expression for circulation along the span; Mach line 
from center intersecting trailing edge 


p(h/2) 2 


lAf(BTII? - l) 


1,(1 - kX2B^k - 1 - k) + H JL - 

zy AB(1 + X) h/2 


AB(1 + X)(l + k + 2nBk)-L_ + taBk - 2kAB(l + X)(Bm + 1) 


A~B 2 (1 + X)J AB(1 + x)(l _ k)-2— + hmBk 

I l/ 2 


— 2L(3k + 1 + 4nB - PmHk - 2m2B2k) + ± _*I + 2fc - 

3 b/2 AB(1 + X) 



+ 1) i - J l + Bsk) + 


y I wri< 
^7^ Ll ab(i+ 


i— + k+2mBk + ll + - - k - Bok 

X) J AB(1 + X) 



_b_ „ 2 |jB(l + X) - f] 
L/2 “ AB(1 + X) 



Expression for circulation along the span; Mach line 
coincident vith leading edge; unsvept trailing^ edge 


MV 2 ) 


3*AB(1 + X)[h^2 



y 4 

3 — 2 + — — 

h/2 AB(1 ■ 


: — U _ _LApL + — 5 — 

+ X)_|(M h/2/|h/2 AB(1 + X)_ 
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TABLE n.- dBCOLATICa ETPHESSICGB FOB CG33TABT RATE OF ROLL - Ccctimuwl 



jggsggsi 
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TABIZ n.- CIECDLmaa EXPHESfllCPS TOR COBSTAET RATE OF BOLL - Continued 



h< 

/ 

/ 

b/2 toAB(l + A) 

'J T ^ 2 

e 4 


b/2 AB(1 + A) 


Of — 


Expression for circulation a l ong the »penj Kach line frca center Intersecting 
trailing edge and Inters acting Hach line frca tip; unsvept trailing edge 


8b3b3 

2 | aj(i + ; 


*<b2o 2 - i) + a2b2<i + a) 2 + 2 /^:-'! jju/2) 2(1 " 

a_ 2- - - filial - 

+ X) b/2 A 2 b2(1 7 X)fJ [taB - AB(1 + A)^J |p>/2) 2 

W y . l6B g a 2 H 

+ x ) b / 2 A^tl + l)fj AB(l + A)^ + WbJ f J 


8b3id 3 y 

AB(1 + A) t/2 " A 2 b2(1 + : 


(b/2) 2 A^B^l + A) 


1 - 2b3»2) - 


AB(1 + A) b/2 a2b2(1 + A) 


_L-< JL<-t- 

b/2 " b/2 ” b/2 


3 . 2mB - 2B2»2) + 2(1 - 2 »£b 2 - nB) 



r 


[ab( 


b/2 “ b/2 S a¥(1 


— (|-fwi - 2b2d2) 4 — ... - 4 - - 

«<B2b2 - l)3/2l|ib/2) 4 AB<1 + A) b72 

*31 H-l P 1 + ^ + 1) ^ +faB - 2AB<1 + X)( ° B + ir ] . £pL(3 . £BB - 2=2 b2) 

A 2 *^! + A) J | -teB - AB(1 + AJ-JU 3|b/2 l 


(to + 1) . -to y 8 + -T-P — + 1 + 2=b] + 53L 

(b/2) 2 V^L-AlU + A) J AB(1 + 3 
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TABLE HI.- dBCUIATICCI EXPHTJCTTOHS FOH COKSTAET HATE QP PITCH - Continue*. 
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TAEIE m.- CIBCOLmCn EXPHES3KOS FOR C0H3TAET RA3E OF PITCH - Continued 
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TABLE HI.- CTRCOIAHON EXPRESSION FOR C033TAOT HATE CF PITCH - Continued 
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TABLE IH.- OIBCDIATBa EXfHESSIOBS FOR COBSTAHT EA1E C S' PITCH - Continued 
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A£(l + X) (Bai + 1) - taB 


b/2 B=AB(l + X) 


a _ 2 [ab(i + x) - Cl 
b /2 " ab(i + x) 



Eipreealcn for clyculatlcc ftlmg » apaaj Kx;ii Mm* frca ving wj—a intersactibg 
tr ailing edge and intarsactlng Kadi liaa fron tipj tmavept trailing edge 


„ y ^ h lfiBaitB 2 ^ - 

tw— 


2qB(b/2) 2 / XbB I y2 16 + 1 ||~ 

xftfn 2 - 1)U(1 + X) V' (b/2) 2 + A%2(1 + X) 2 + _ A L 

*- cos + l-Ba — l 

+ X)*_J - -2- AB<1 + X) + 4eB I (b/2) 2 AB 

L b / 2 _i 

+ X ) J XmB + -4- AB(l + X) I 

L b/2 ilj/ 


T 2 8 y 

(b/2) 2 AB(l + X) b/2 


y 2 6 y . 

(b/2) 2 AB(1 + X) b/2 


1 fiBri( IVis 2 — 

a 2 b 2(1 + X 


lteafB 2 !! 2 - 

a^u + x: 


h y a l6Bta(B 2 in? - 
b/2 ® b/2 * b/2 A 2 b2(1 + X 


■gtfCb/ 2 ) 2 i»pb r~ y 2 i i6 " + Jr 

afB 2 ^ - 1) AB{1 + X) (b/2) 2 A^l'+X) 2 g^-^lL 

^flcoa-lF^ 1 A lr a jL,_ 

+ >•)_! -7- AB(X + X) + 4oB I (V 2 ) 2 

b/2 _J •— 

^ LxRii^iJ + 

+ 1) J I 10 B - — AB(1 + X) 

L L b/2 J L 


T 2 8 y 

‘ (b/2) 2 * AB(1 + X) b/2 


y 2 + 8 y + 

(b/2) 2 AB(1 + X) b75 


- Xl ^2 ~ 4 ST# 283 + x) * 5ll~X) ~ 2(38 + 11 

teB - j— AB(1 + X) - 4” + — T 

_ b/2 II L b/2 AB(1 + X) 


-|-p^-(-B 2 n 2 + 2 b8b 3) + — -522 (-6 - taB + SB 2 !! 2 ) + ksB + BB 2 !^ 2 - 

3Ba|b/2 AB(1 ■*■ X) 




5 + - 7 -p — - + 1 + 2Ba| + — (dB + 1)1 

- b/2 1 AB(1 + X) J AB(l + X) J 


i}B(b/2) 2 I 
heBCB^ 2 - 1) 3 ^ 2 


E __ y2 8to y lSBatB 2 !! 2 - 2)1 

1— + [cos • 

( b /2) 2 AB(1 + X) b/2 a2b2<1 + x) 2j 


(2Bn - l) + / taB •• - 2 (bB - 1) 
1 b/2 AB(1 + X) 

y 4 dB 

_ b/2 AB(1 + X) _ 


m'* bTa* 1 ^ + as3n3) + 


AB(1 + X) 


» + 4oB + 5 o^B 2 ) + 4oB - 2 B*t^ - 


wl ,/_L_ia,_Z f_ + 4-17 .. 4 " B ■ 1 * aJ * . - ( d - 1)1 

- 1 yoB + 1 (b/2) 2 b/2[_AB(l + X) J AB(1 + X) V 
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TABIE HI.- CIBCUIAncn EHTOS3ICS7S FOB CCSSTAHT RATE OF PITCH - Continued 
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T ABLE V.- TKEFJ TO CORVES FCB CIRCULATION ALONG THE SPAN FOR C0H3EADT RATE OF ROLL, 




AB 

Ba 

Figure 

AB 

Bn 

Figure 


X - 

0 

X - 0.25 

(concluded) 

h 

6 

8 

12 

20 

1.0 

1.5 

2.0 

3-0 

5.0 

10 

(p. 70) 

6 

1-0 

1.1 

1.3 

2.0 

3-0 

5.0 

7-0 

25.0 

12 (c) 
(p. 79 ) 

3 

1.0 

1.1 

1.3 

2-0 

11(») 
(p. 71) 

8 

1.0 

1-3 

2.0 

3-0 

5-0 

7.0 

25.0 

12(4) 
(P- 80) 

1 

1.0 

1.1 

1.3 

2.0 

3-o 

5.0 

7.0 
25.0 

to 

11(b) 
(p- 72) 

\ 

12 

m 

12(e) 
(p- 81 ) 

6 

1.0 

i.i 

1-3 

2.0 

3-0 

5-0 

7-0 

25-0 

11(c) 
(p- 73) 

20 

1.0 

1.1 

1.3 

2.0 

3.0 

5-0 

7-0 

25-0 

to 

12(f) 
(p. 82) 

8 

1.0 

1.1 

1-3 

3-0 

5-0 

7.0 

25-0 

m* 


x - 0.50 

3 

1.0 

1.1 

1.3 

2.0 

3.0 

5.0 
7-0 

25-0 

03 

13(a) 
(p. 83) 

12 

1.0 

1.1 

1.3. 

2.0 

5-0 

7-0 

25.0 

11(e) 
(p. 75) 

1 

1.0 

1.1 

1.3' 

2.0 

5.0 

7.0 

25.0 

13(b) 
(p. 8b) 

20 

1.0 

1.1 

1-3 

2.0 

3-0 

7-0 

25.0 

11(f) 
(p. 76) 

6 

1.0 

1.1 
1-3 

2.0 

3.0 

5.0 
7-0 

25.0 

•» 

13(c) 
(P- 85) 

X = 0.25 

3 

1 

■ 


1.0 

1.1 
1.3 

2.0 

3.0 

5.0 
7-0 

25.0 

13(4) 

(p. 86) 

1 

1.0 

1.1 

1.3 

2.0 

3.0 
5-0 

7.0 
25.0 

12(b) 
(p. 78) 


AB 

Bn 

Figure 

AB 

Bn 

Figure 

x - 0.50 

(concluded) 

X - 0.75 

(concluded) 

12 

1.0 

1JL 

1*3 

2.0 

3.0 

5.0 

7.0 
25-0 

13(e) 

(P- 87) 

20 

1.0 

1.1 

1.3 

2.0 

3-0 

5.0 

7.0 
25.0 

14(f) 
(p. 94) 

X 0 1.00 

20 

1.0 

1.1 

1-3 

2.0 

3.0 

5-0 

7*0 

25.0 

13(f) 
(p. 83) 

2 

1.0 

1.1 

1-3 

2.0 

5.0 

7-0 

15(a) 
(p. 95) 

3 

1.0 

1.1 

1.3 

2.0 

3-0 

5-0 

7.0 

25.0 

1 5(t) 
(p. 96) 

1 - 0.75 

3 

1.0 

1.1 

1.3 

2.0 

3.0 
5-0 

7.0 
25.0 

lMa) 
(p. 89) 

1 


15 (b) 
(p. 97 ) 

1 

1.0 

1.1 
1.3 
2.0 
3-0 
5.0 

25-0 

14(b) 
(p. 90) 

1 

1.0 

1.1 
1.3 

2.0 

3.0 
5.9 

7.0 
25.0 

to 

15 ( 4 ) 
(p. 98 ) 

6 

1.0 

1.1 

1.3 

2.0 

3.0 

5-0 

7-0 

25-0 

14(b) 
(P- 91) 

8 

1.0 

1.1 

1.3 

2.0 

3.0 

5-0 

7-0 

25-0 

15 (e) 
(p. 99 ) 

8 

1.0 

1.1 

1.3 

2.0 

3.0 
5-0 

7.0 
25.0 

14(4) 
(p. 92) 

12 

1.0 

1.1 

1.3 

2.0 

3-0 

5.0 

7-0 

25.0 

15 (f) 
( P . 100 ) 

12 

1.0 

1.1 

1.3 

2.0 

3.0 

5.0 
7-0 

25.0 

14(e) 
(p. 93) 

20 

1.0 

1.1 

1.3 

2.0 

3.0 

5.0 

7.0 
25.0 

15 (g) 
(p. 101 ) 
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TABLE 71.- IHBEX TO CURVES FOR CIRCULATION ALONG THE SPAN FOR COHSTAOT RATE CF PITCH, — t 

Bqh 


| AB 


Figure 

^0 1 

b 

5 

6 
8 

12 

20 

1.0 

1.25 

1.5 

2.0 

3.0 

3.0 

16 

(p. 102) 

3 

1.0 

1.1 

1.3 

2.0 

17(a) 
(p. 103) 

1 

1.0 

1.3 

3.0 
5-0 

7.0 
25-0 

•0 

17(b) 
(p. 10b) 

6 

1.0 

1.1 

1.3 

2.0 

5-0 

7.0 

23.0 

17(c) 
(p. 103) 

8 

1.0 

1.1 

1-3 

2.0 

3.0 

7-0 

25-0 

CO 

17(d) 
(p. 106) 

12 

1.0 

1.1 

1-3 

2.0 

3-0 

3-0 

7-0 

25.0 

17(e) 
(p. 107) 

20 

1.0 

1.1 

1.3 

2.0 

3-0 

7.0 

25.0 

«o 

17(f) 

(p. 108) 

1 II 

3 

1.0 

1.1 

1.3 

2.0 

3-0 

5-0 

7-0 

18(a) 
(p. -109) 


1.0 

1.1 

1.3 

2.0 

3-0 

5.0 

7.0 
25.0 

18(b) 

(p. no) 


Figure 


X = 0.25 
(concluded) 


1.0 

1.1 

1.3 

2.0 

3.0 

7.0 
25.0 


1*0 

1-3 

2.0 

3.0 

5.0 

7.0 

25.0 


1.0 

1.1 

1.3- 

2.0 

3.0 

7.0 

25.0 


1.0 

1.1 

1.3 

2.0 

3.0 

7*0 


18(c) 
(p. Ill) 


18(d) 
(p. 112) 


18(e) 

(p. 113) 


18(f) 
(p. lit) 


\ - 0.30 


1.0 

1.1 

1.3 

2.0 

3-0 

25-0 


1.0 

1.1 

I. 3 

2.0 

J. o 

7-0 

25.0 


1.0 

1.1 

1.3 

2.0 

3-0 

5.0 

7-0 

25.0 


1.0 

1.1 

1.3 

2.0 

3.0 

5.0 
7-0 

25.0 


1.0 

1.1 

1.3 

2.0 


19(a) 
(p. 115) 


19(b) 

(p. 116) 


19(c) 
(p. 117) 


19(d) 
(p. 118) 


19(e) 
(p. 119) 


Figure 


X « 0.50 

(concluded) 


12 


3-0 

5-0 

7-0 

25-0 


1.0 

1.1 

1.3 

2.0 

3.0 

5-0 

7-0 

25.0 


19(e) 
(p. 119) 


19(f) 

(p. 120) 


0.73 


1.0 

1.1 

1.3 

2.0 

3-0 

5.0 

25.0 


1.0 

1.1 

1-3 

2.0 

3.0 

5.0 
23.0 


1.0 

1.1 

1.3 

2.0 

3.0 

5.0 

7.0 
25-0 


1.0 

1.1 

1-3 

2.0 

3.0 

3-0 

7-0 

25.0 


1.0 

1.1 

1-3 

2.0 

3-0 

5.0 

7.0 
25.0 


1.0 

1 . 1 , 

1.3 

2.0 

3.0 
5-0 

7.0 

25.0 


20(a) 
(p. 121) 


20(b) 
(p. 122) 


20(c) 

(p. 123) 


20{d ) 
(P- 12b) 


20(e) 
(p. 123) 


20(f) 
(p. 126) 


Figure 


1.0 

1.1 

1-3 

2.0 

5.0 

7.0 
25.0 


1.0 

1.1 

1.3 

2.0 

3.0 

5-0 

7-0 

25.0 


1.0 

1.1 

1-3 

2.0 

3.0 

7.0 

25.0 


1.0 

1.1 

1.3 

2.0 

3-0 

5-0 

7-0 

25.0 


1.0 

1.1 

1-3 

2.0 

3-0 

7-0 

25.0 


21(a) 

(P- 127) 


1.0 

1.1 

1-3 

2.0 

3-0 

25-0 


21(b) 

(p. 126) 


1.0 

1.1 

1-3 

2.0 

3-0 

5-0 

7-0 

25.0 


21(c) 
(p. 129) 


21(d) 
(p. 130) 


21(e) 
(P- 131) 


21(f) , 

(P- 132) 


21(e) . 

(P- 133) 
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(a) Positive A and A^. (h) Positive A and negative A^g. 

Figure 1.- Types of wing configurations treated. Supersonic leading and 
trailing edges; etreamwlse tips. Note that the Mach lines from the 
leading edge of the center section may intersect either tip or trailing 
edge and also that the Mach line from either tip does not intersect the 
remote half-^wlng. 
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Figure 4.- The distribution of circulation along the span for tri an g ular 
wings at a constant angle of attack. 
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(e) AB - 12. 

- Continued* X = 0*25# 
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Figure Concluded. 
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Figure 10.- The distribution of circulation along the span for triangular 

■wings with a constant rate of roll. 







(e) AB - 12. 

Figure 11.- Continued. 1=0. 
























Figure l4. - Concluded 
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Figure 16. - The distribution of circulation along the span for triangular 
wings with a constant rate of pitch. 


i 





Figure 17.- The distribution of circulation along the span for vings with 
a constant rate of pitch with \ = 0 . 
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(e) AB - 12. 
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Figure 18.- Continued.. X = 0.25. OJ 
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(a) AB = 3. 


20,- The (Ifstrlbution of circulation along "the span for vingB 

wl ’f'.ll A fYinc+nn+ + n r^-P + 4-1. > /\ <7c 

— — wo. jj _u u^u. n X OJ_L A, C= W . ( J , 
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(g) AB = 20. 

Figure 21.- Concluded. X = 1.00. 
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(d) Variation with taper ratio. A = k; M = 1.53; A = 30° 
Figure 22.- Concluded. 
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(a) Variation with Mach number. A = 4; A = 30°; \ = 0.5. 



(b) Variation with aspect ratio. M = 1.53; A = 30°; \ = 0.5. 

Figure 24.- Some illustrative variations of the distribution of the 
circulation along the span with Mach number, aspect ratio, sweep- 
back, and taper ratio for wings with a constant rate of pitch. 
Static margin of 0.05c.” 
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(d) Variation with, taper ratio. A = 4; M = 1.53; A = 30°. 
Figure 24.- Concluded. 
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Figure 25.- Some illustrative variations of the distribution of the 
circulation along span with the position of the axis of pitch for 
wings with a constant rate' of pitch. 



eg. located 9 distance 2 . H 
chord lengths downstream 
of rung apex ■ 






